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Sustainable Urban Water
Infrastructure Systems

A Water Supply

I Changing nature of urban water use in Florida and elsewhere
A Indoor water use declining from 70 to 40 gpcd
A Outdoor water use is increasing due to rapid growth in automatic sprinklers
A Majority of urban water use in Florida will be for irrigating landscapes
A State is requiring use of alternative water supplies after 2013

I Dual water systems may be essential
A Waste Water

I CSO and SSO control

I Reuse favors decentralized systems to offset high piping costs
A Storm Water

I Evaluation of LID & Other BMPs-Are decentralized systems the
answer?

I Stormwater Reuse
A System Integration
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Masdar, UAE-City of the Future?

A 50,000 people

A No cars

A Solar powered

A Desalination

A 60% less water use
A Maximize reuse

A 1st phase completed
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Economics and Related Tools to
Evaluate Urban Water Systems

A Overview

A Engineering economics

A Microeconomics

A Optimization methods

A Cost allocation and finance
A Risk optimization
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Five Feasibllity Tests

A Technical-can it be built?

A Economic-should it be built (do the total
benefits exceed the costs to whomsoever
they may accrue)?

A Financial-who will pay and how will the costs
be allocated?

A Environmental-what are its impacts and how are
they to be remediated?

A Socio-political-is there sufficient public support
across the various stakeholder groups ?
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Tools for Economic and Financial Analysis

A Engineering economics shows how to evaluate the
time value of money and compare discrete alternatives

A Microeconomics provides a theoretical framework

A Optimization methods show how to find the optimal
(least cost or maximize net benefits) solution for complex
real world problems with a large number of discrete
choices or blends of choices

A Game theory allows us to evaluate the winners and
losers to address equity and financial issues

A Risk analysis methods show how to evaluate the
reliability of the selected solution. How safe is it?
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Engineering Economics

AAAn engineer can do for
fool can do for two doll

~ather of Engineering Economics (1893) in his

nook titled Economic Theory of the Location of

Rallways. J. Wiley and Sons, NY

A Benefit-cost analysis and cost-effectiveness are
fundamental to engineering
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Engineering Economics

A Traditional required course for undergraduate
engineering students. Often the only
Aeconomicso that they |

A Topics covered
I Time value of money
I Interest rates and compounding
I Personal finance
I Simple benefit-cost analysis
|

" Making decisions among a small number of discrete,
mutually exclusive options

A Sim mple to do on a SS
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Engineering Economics

Examples

A Buy a new toilet that uses less water?
A Buy a more fuel efficient vehicle?

A Find the most cost-effective combination
of low impact development stormwater
controls

A Find the life cycle cost of gasohol including
environmental impacts

A Invest in air pollution controls to save lives
vS. Investing in other public health optlons
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Microeconomics

A Reference

I Griffin, R.C. 2006. Water Resource Economics. MIT
Press, Cambridge, MA, 402 p.
A Economics-the study of the allocation of scare
resources

A Normative social science that provides guidance
on how people buy and sell commodities and
how market prices evolve based on the relative
scarcity of the resources
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Resource Allocation
Find allocation of water that maximizes total
benefits T total costs, or MB = MC.
MB = demand curve and MC = supply curve

Total benefits and total costs Supply and demand curves
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Total water supply benefits-

diminishing marginal returns
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Nature of Residential Water Use-
Average of 12 U.S. Cities

0

100

Liters Per Capita Per Day
200 300 400 500

600

Dishwasher [|1.0

Bath [J1.2

Other domestic [] 1.6

Leak

Faucet
Shower |
Clothes Washeri

Toilet

—_]95

I 10.9
11.6

15.0
18.5

INDOOR

] 69.3

OUTDOOR

| 100.8

UNKNOWN

]1.7

TOTAL

171.81

Environmental
Engineering Sciences
UNIVERSITY of FLORIDA

U

20

40

T T T T T

60 80 100 120 140

Gallons Per Capita Per Day

160 180

ConNserVE FLoORIDA WATER

Pramoting Conservation in Our Public Water Supplies



U

Effect of Price on Residential Water

Demand in Florida
(Adapted from Whitcomb 2005)
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Summary of Supply-Demand Analysis

AWe have a fidemando f c
Arequi rement 0. De mar
price. As products like water and oll
become more scarce, then people will
tend to use less of them.

A Economic principles are very helpful in
allocating scarce resources through the
marketplace rather than by legislative fiat.
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Early Critique of the California

State Water Project

A Hirshleifer, DeHaven,

and Milliman (1960)
Water Supply:
Economics, Tech.
and Policy

A No need for project if
water markets were
allowed to exist?

A 80% of water goes to
irrigation at
subsidized rates
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Limitations with Classical
Economics Approach

A Hard to find a mathematical representation of the
production functions that describe the input-output

relationships
A Weak databases on consumer behavior
A Major theoretical breakthrough was linking economic
theory and linear programming
I Dorfman, R., Samuelson, R., and R. Solow (1958)
Linear Programming & Economic Analysis.

I Shadow price of LP model can be used to estimate
the marginal value of water
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Early Academic Programs In
Economics and Systems Analysis

AHarvard water program b«
and focused on water resources projects

A Northwestern U., led by Abe Charnes, promoted
use of LP to optimize wastewater treatment
plants (Walter Lynn-1962) and regional
wastewater treatment (Rolf Deininger-1964)

A UCLA program led by Richard Bellman and
Warren Hall promoted the use of dynamic
programming (early 1960s)
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4. Artificial Water Crisis In Southwesten
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U.S.?
Heaney (1968)

Prior appropriation water
doctrine encourages over
use

Federal water subsidies
encourage waste

Water markets could
el i minate Ashort

Majority of water is allocated
to low value irrigation that
worsens salinity problems

Found marginal value of
water using a large LP
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General Form of an
Optimization Problem

MAX (of MIN): f,(X,, X,, €é,) X
Subject to: f,(Xy, X, € )<=hX

1:k(xl1 X21 e n’)>:b}$

1:m(xl1 XZ’ é rv):bnx

Note: If all the functions in an optimization are linear,

U evirontN€ problem is a Linear Programming (LP) prque"mg\
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Computer Solution of Optimization
Problems

A Pre-1990. Total reliance on specialized optimization
software that required a high level of mathematical and
computer programming skills

A 1990-2000. Optimization solvers in spreadsheets
expanded the user base tremendously

A 2000-2005. Excel Solver add-ins that incorporate
evolutionary algorithms that can be used to solve any
type of problem independent of its mathematical
structure & link directly with simulation models

A 2009-. Software evaluates the nature of the problem and
selects the best single or combination of methods to use
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Good Reference

A Ragsdale, C. 2007. Spreadsheet Modeling
and Decision Analysis. 5 Edition, South-
Western Cengage (includes advanced
Solver and risk analysis software)
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Some Categories of LP
Problems

A Transportation Problem-Spatial Analysis
I Very popular for environmental and water
problems
A Blending Problem-e. g., blending chemicals to
get a desired outcome

A Production and Inventory Problem-Any problem
that has storage with multiple time periods,
e.g., equalizing storage prior to treatment
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Computer-based optimization methods that have
been used during the past 60 years

I Linear programming

I Integer programming

I Multi-objective and goal programming
I Nonlinear programming

I Evolutionary programming
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Impact of Evolutionary Solvers

A Priortothemid-1 99 06s, we had t
problems into the mathematical requirements of
the classical optimization techniques of linear
and nonlinear programming. However, few
realistic design problems conform to these
mathematical conditions. Thus, we only had a
limited influence on design.
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Some EES Applications of
Mathematical Optimization

A Design water distribution systems

A Design sanitary and storm sewer systems

A Route garbage trucks

A Air pollution control in paper & pulp industry

A Locate and size BMPs to restore an urban stream

A Optimal design and operation of reservoirs to provide water
supply, flood control and water quality control as part of the
Everglades restoration

A Choose the fibestodo parameter es
model

A Allocate the cost of a multi-purpose project using game
theory
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Integration of Simulation and
Optimization in Excel

A Use the optimizer to automate the what-if
simulation analysis to find the best solution
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Simulation/optimization Model
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